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In this work, The Electrical behaviour of ZnO based varistor is improved. On using the classical 
proceeding for fabricating the ceramic for Electronic, we have prepared different samples with different 
oxide additives such as (Bi2O3, Nb2O5, MnO2, Co3O4, Cr2O3, NiO,Ce2O3, and La2O3).We have got several 
lots , each of one represents one sample . We have optimized the percentage of the impurity as following: 
On varying the impurity percentage, we have obtained different values of the nonlinearity coefficient (α) 
for every sample. The greatest value of, α, corresponding to the best value of the proportion of the 
impurity which will be used in the final composition .Finally, we have mixed all best values together so 
we got a new sample, Our results explore that the value of (α) in the new sample is increased 
Significantly to a value of (100±2) and the non-linear region of the I-V characteristic of the varistor was 
improved. After that we measured the I-V characteristics of new sample at various temperatures to 
explore the effect of varying temperature on electrical properties on ZnO varistors. 
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1. Introduction
 
 
 
 
 
 
 
 
 
 
      
 
 
 
 
 
 
 
 
                           Fig: 1 ZnO based varistor.                                                                        Fig.2.Typical current-voltage  
                                                                                                          characteristics for ZnO varistors 
 
                                            
 
 
 
2. Experimental procedures 
 
 
 
 
 
ZnO-based varistors (fig.1) are highly non-linear ceramic resistors that are used to sense and limit 
transient voltage surges and to do so repeatedly without being destroyed[1], these devices posses 
current (I)-voltage (V) characteristics very close to that of back to back zener diodes [2]. These properties 
are attributed to their microstructure which is an intrinsic property of the ZnO-based varistor[2].these 
devices are prepared by the classical techniques of ceramic fabrication. They present a granular 
structure in which the n-doped ZnO grains are separated by a thin insulating intergranular phase [2]. A 
Schottky barrier is formed on the junction created between two adjacent grains .the barrier high equal 
to(3) volts[2]. A schematic image of the electrical behaviour for varistors is shown in Fig.2. Three distinct 
regions can be identified in the I-V plot: pre-switch region (zone1), switching or breakdown region 
(zone2), and high current region (zone3)[3] .A threshold voltage (Vs) and nonlinear coefficient (α) are the 
main characteristics which are normally measured across the varistor at the current density of 
1mA/mm2 [4]. In addition the leakage current (If) measured at VS/2 is the other principal characteristics 
of these elements [4]. 
The  non–Ohmic  property  of  ZnO  varistors  is  largely  affected  by  the addition  of metal  oxides [1]  
in which  the  addition  them  can  enhance  the nonlinear coefficient of the varistors. 
In  the  present  investigation  we  improved  the  electrical  properties  of  ZnO varistors  doped  with  
different percentages of metal oxide so we  enhance the  nonlinear  coefficient  of  the  varistors  and  
also promotes the nonlinearity of the ZnO varistors. 
The ZnO varistors were prepared by the procedure as following. Eight different systems of ZnO 
varistors were prepared to investigate the effect of impurities additive on the electrical characteristics of 
ZnO varistors, .These chemical components of eight lots of ZnO varistors are illustrated in table1. The 
mixture was dried with by heating chamber and then pressed into discs at a pressure of 500 kg/cm2. 
These discs were sintered at 1150°C for 2hrs in air and then furnace-was cooled to room temperature 
with a programmed thermal cycle. After lapping the both surfaces of the sintered samples, Ag / pt 
electrodes were applied to both surfaces. The standard final samples have 20 mm in diameter and 2 mm 
in thickness. 
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Table 1. Chemical components of eight different systems of ZnO varistors 
 
Sample 
 
Composition           
 
X% mol 
A1  
                  
A2  
                  
A3 
                  
A4 
 
A5 
 
A6 
 
A7 
 
A8             
%)]32%())%100[(( molOBiXZnOX      
                                         
%)]%()32%1())%99[(( 52 molONbXOBiZnOX     
                                                                
%)]2%()%2.0()32%1())%100[(( 52 molMnOXONbOBiZnOX 
%])%())%100[(( 43 molOCoXZnOX   
 
%])%())%100[(( 32 molOCrXZnOX 
 
%])%())%100[(( molNiOXZnOX 
 
%])%())%100[(( 32 molOCeXZnOX   
 
%])%())%100[(( 32 molOLaXZnOX   
(0.5-0.75-1-2) 
 
 
 
(0.1-0.2-0.3-0.4-0.5-0.6) 
 
(0.1-0.2-0.3-0.4-0.5-0.6) 
 
(0.2-0.5-1-1.5) 
 
(0.2-0.5-1-1.5) 
 
(0.2-0.5-1-1.5) 
 
(0.2-0.4-0.6-0.8) 
 
(0.2-0.4-0.6-0.8) 
 
 
 
 
 
3. Results and discussion
 
 
 
 
 
     
 
 
 
 
 
 
The I-V  characteristics of ZnO varistors were measured by using  a  precise  electrometer  
(MEGOHMETER (M1500P)) and  the  nonlinear  coefficient α  for threshold voltage (near 1mA/cm2) 
was  by  the  following  equation : 
dLnV
dLnI D  where I and V are the current and voltage respectively. 
The results of the previous eight samples will discuss in this section. The measured current – voltage (I-V) 
characteristics of sample (A1) were illustrated in Fig. 3. Comparing the results of four samples, we 
observe that there are large differences existing in the electrical characteristics among four samples. The 
nonlinearity factor, α , threshold voltage, Vs, and leakage current If, are the most important parameters to 
be measured from the electrical characteristics of ZnO varistors. The evaluation of these parameters is 
shown in Table 2. The sample A1 has the highest nonlinearity coefficient and lowest leakage current (has 
the best electrical characteristic) when Bi2O3 =1mol%. 
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Table (2) electrical properties of sample A1 
 
 
Sample A1 
 
nonlinearity 
coefficient α         
 
Threshold voltage VS (V/mm) 
 
leakage  current  (If) (μA) 
 
(0.5mol %) Bi2O3        
(0.75 mol %) Bi2O3     
(1 mol %) Bi2O3          
(2 mol %) Bi2O3 
                       
 10   
13 
18 
12                         
 
 
70 
 
 
88 
 
 
 
105 
 
113 
 
 
27.5 
 
18.6 
 
8.1 
 
17 
 
 
 
 
 
 
      
Fig.3 (I-V) characteristics of sample (A1)            Fig.(4) Relationship between (α)                   Fig.(5) Relationship between (Vs) 
                                                                                     and Bi2O3 percentage rates                            and Bi2O3 percentage rates 
 
               
 
 
 
 
 
 
 
Table (3) electrical properties of sample A2 
 
 
 
 
 
 
 
 
 
 
Sample A2 
 
nonlinearity 
coefficient α         
 
Threshold voltage VS (V/mm) 
 
leakage  current  (If) (μA) 
 
(0.1mol %) Nb2O5       
(0.2 mol %) Nb2O5      
(0.3mol %) Nb2O5       
(0.4 mol %) Nb2O5 
(0.5 mol %) Nb2O5 
(0.6 mol %) Nb2O5 
         
23   
29 
24 
19 
15 
12                         
 
 
141 
 
 
152 
 
 
 
154 
 
147 
 
139 
 
 
127 
 
 
0.89 
 
0.87 
 
0.95 
 
1.1 
 
 
 
1.45 
 
 
1.9 
 
Figure (4) depicts the relationship between (α) and Bi2O3 percentage rates and figure (5) depicts the 
relationship between, VS, and Bi2O3 percentage rates of varistor sample A1. 
On doping the lot A1 (ZnO- Bi2O3) by Nb2O5 we obtain the lot A2 representing the ZnO varistor which 
has a good nonlinear I-V characteristics (Fig.6). The figure 6 shows   the value of α which is increased up 
to 29(table 3). From this Figure, It can be concluded that, the threshold voltage increases considerably 
when Nb2O5 varies between 0.1%mol and 0.3%mol, then it decreases with the increasing of Nb2O5 up to 
0.6%mol. These parameters (Vs, α,If)  for sample A2 are listed in table 3. The sample A2 has the highest 
nonlinearity coefficient and lowest leakage current (has the best electrical characteristic) when Nb2O5 
=0.2mol%. 
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Fig.6 (I-V) characteristics of sample (A2)       Fig.(7) Relationship between (α)                 Fig.(8) Relationship between (Vs) 
                                                                 and Nb2O5 percentage rates                        and Nb2O5 percentage rates 
 
 
 
 
 
 
 
 
       
 
 
Table (4) electrical properties of sample A3 
 
 
Sample A3 
 
nonlinearity 
coefficient α            
 
Threshold voltage VS (V/mm) 
 
leakage  current  (If) (μA) 
 
(0.1mol %) MnO2           
(0.2 mol %) MnO2          
(0.3mol %) MnO2           
(0.4 mol %) MnO2 
(0.5 mol %) MnO2 
(0.6 mol %) MnO2 
         
36   
40 
43 
45 
50 
43                            
 
 
123 
 
 
125 
 
 
 
127 
 
130 
 
142 
 
 
151 
 
 
1.05 
 
0.89 
 
0.87 
 
0.76 
 
 
 
0.75 
 
 
0.72 
 
 
 
  
The evaluations of, α, and Vs with the variation of Nb2O5 percentage rates are shown on fig. 7 and Fig. 8 
respectively (sample A2). 
 
On doping the lot A2 by MnO2 which varies from (0.1 mol %) up to (0.6 mol %), the corresponding 
characteristics of these percentages are shown on Fig. 9. The knee gradually becomes more pronounced 
and the varistor effect is enhanced. When the quantity of MnO2 becomes more than (0.5 mol %), the 
threshold voltage, Vs, decrease and return to its initial value before (0.5%mol) MnO2. Table 4 shows the 
evaluation of threshold voltage, Vs, the nonlinear coefficient, α, and the leakage current, If, of the sample 
(A3) as a function of MnO2 percentage. It is shown that the value of Vs was greatly increased from 123 to 
151 V/mm with the increase of MnO2. The sample A3 has the highest nonlinearity coefficient (has the 
best electrical characteristic) when MnO2 =0.5mol%. 
The figures10 and 11 depicts the variations of (α) and Vs, as a function of MnO2 percentage rates 
respectively for ZnO varistor (sample A3). 
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Fig.9 (I-V) characteristics of sample (A3)        Fig.(10) relationship between (α)                  Fig.(11) relationship between (Vs)    
                                                                              and MnO2 percentage rates                       and MnO2 percentage rates 
 
 
 
 
                                                           
 
 
 
 
Table (5) electrical properties of sample A4 
 
Sample A4 
 
nonlinearity 
coefficient α            
 
Threshold voltage VS (V/mm) 
 
leakage  current  (If) (μA) 
 
(0.2mol %) Co3O4              
(0.5 mol %) Co3O4             
(1mol %) Co3O4                 
(1.5 mol %) Co3O4 
         
15   
18 
21 
19 
 
 
33 
 
 
37 
 
 
 
40 
 
43 
 
 
 
7.6 
 
7.9 
 
8.5 
 
9.1 
 
 
 
 
    
Fig.12 (I-V) characteristics of sample (A4)       Fig.(13) Relationship between (α)              Fig.(14) Relationship between (Vs) 
                                                                              and Co3O4 percentage rates                      and Co3O4 percentage rates 
 
 
Using the lot A4, we obtain sample A4 (table1). The figure 12 shows the I–V characteristics of ZnO 
varistor with various Co3O4 contents.  
The physical parameters characterizing the sample A4, such as threshold voltage (Vs), nonlinear 
coefficient (α), and leakage current (If) are summarized in Table 5 and at figures 13 and 14 for, α, and Vs 
respectively. The value of voltage, Vs, monotonously greatly increased from 33 to 43 V/mm as the Co3O4 
content increased (fig.14). This is attributed to the increasing of the number of grain boundaries due to 
the decreasing of the average grain size. The value of, α, was increased with increasing of Co3O4 up to 
1.0mol.%, reaching a maximum value which equals to 21, whereas the further addition caused the 
decrease of α value. 
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Table (6) electrical properties of sample A5 
 
Sample A5 
 
nonlinearity 
coefficient α            
 
Threshold voltage VS (V/mm) 
 
leakage  current  (If) (μA) 
 
(0.2mol %) Cr2O3               
(0.5 mol %) Cr2O3              
(1mol %) Cr2O3                 
(1.5 mol %) Cr2O3         
23   
28 
26 
23 
 
 
49 
 
 
58 
 
 
 
69 
 
76 
 
 
 
6 
 
5.4 
 
4.5 
 
12 
 
 
 
 
   
Fig.15 (I-V) characteristics of sample (A5)         Fig.(16) Relationship between (α)              Fig.(17) Relationship between (Vs) 
                                                                                 and Cr2O3 percentage rates                       and Cr2O3 percentage rates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The figure 15 shows the I-V characteristics of the varistor sample A5 representing the ZnO doped with 
Cr2O3 varying from (0.2) to (1.5) mol%. In this experiment, percentage rate (0.5%mol) was found to be 
most suitable to obtain a high nonlinear coefficient (α=28) of ZnO varistor. Threshold voltage increases 
with increasing Cr2O3 content. This is attributed to the increase of the number of grain boundaries due to 
the decrease of the average grain size. The leakage current decreases from (6μA) to (4.5μA) when Cr2O3 
varies from 0.2 to 1% mol  and then the leakage current, If, increases from (4.5μA) to (12μA) with the 
addition of Cr2O3 from (1%mol) to (1.5%mol). The Nonlinearity coefficient α, The threshold voltage VS, 
and the leakage current, If, are shown in Table 6. 
The figures 16 and 17 depict the evaluation (α) and (Vs) as function of Cr2O3 percentage rates for sample 
A5. 
The figure 18 shows the I-V characteristics of the varistor for Sample A6( see table1). The parameters: α, 
Vs, and If deduced from this figure, are summarized in Table 7. The evaluation of α and Vs are shown in 
figures 19 and 20. It is noted that, the leakage current, If, increases slightly with increasing NiO. We  
suggest then,  that the conducting carriers density Nd (cm-3) is increased which is due probably to 
ionization of  the NiO( NiO oNi-2+O+2), Which means there is a migration of oxygen ions  O+2 toward  
the junction to participle to the formation of surface density, Ns ( cm-2),  and a migration of electrons(e-) 
from the Ni-2( Ni o2e-+Ni-2)inside the bulk of grains may be happen. It is concluded that density of 
electrons is dominant .It result that, the barrier high,<, decreases as the following relationship: 
<=
Nd
q Ns
..2
.
2
H  
Vice versa, the nonlinear coefficient α increases up to 33 for NiO = 0.5%mol and then (α) decreases when 
NiO continue to increase. For the other wise, the Vs increases from 69 to 100 V/mm monotonously. 
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Table (7) electrical properties of sample A6 
 
Sample A6 
 
nonlinearity 
coefficient α            
 
Threshold voltage VS (V/mm) 
 
leakage  current  (If) (μA) 
 
(0.2mol %) NiO                 
(0.5 mol %) NiO                
(1mol %) NiO                    
(1.5 mol %) NiO     
26   
33 
31 
25 
 
 
69 
 
 
76 
 
 
 
87 
 
100 
 
 
 
3.1 
 
4 
 
4.3 
 
4.5 
 
 
 
 
 
      
Fig.18 (I-V) characteristics of sample (A6)         Fig.(19) relationship between (α)            Fig.(20) relationship between (Vs) 
                                                                                   and NiO percentage rates                           and NiO percentage rates 
 
 
 
 
 
 
                                                                     
Table (8) electrical properties of sample A7 
 
Sample A7 
 
nonlinearity 
coefficient α            
 
Threshold voltage VS (V/mm) 
 
leakage  current  (If) (μA) 
 
(0.2mol %) Ce2O3              
(0.4 mol %) Ce2O3              
(0.6mol %) Ce2O3              
(0.8 mol %) Ce2O3     
23   
32 
28 
25 
 
 
34 
 
 
42 
 
 
 
46 
 
53 
 
 
 
9.19 
 
5.7 
 
3.9 
 
2.3 
 
 
 
 
 
 
The figure 21 shows the I–V characteristics of the ZnO (sample A7) doped with different additives of 
Ce2O3. It is shown from this figure that is a clear appearance of the linear and non-linear regions. The 
nonlinear coefficient,D, increases which  arrives at its maximum value(32 at percentage 0.4mol%, of 
Ce2O3), and dramatically decreases after this value. 
Figures   22 and 23 depict the evaluations of (α) and Vs with Ce2O3 percentage rates of sample A7 
respectively. 
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Fig.21 (I-V) characteristics of sample (A7)           Fig. (22) Relationship between (α)           Fig. (23) Relationship between (Vs) 
                                                                                    and Ce2O3 percentage rates                           and Ce2O3 percentage rates 
 
 
 
 
 
 
 
 
Table (9) electrical properties of sample A8 
 
Sample A8 
 
nonlinearity 
coefficient α            
 
Threshold voltage VS (V/mm) 
 
leakage  current  (If) (μA) 
 
(0.2mol %) La2O3              
(0.4 mol %) La2O3              
(0.6mol %) La2O3              
(0.8 mol %) La2O3     
17   
23 
30 
21 
 
 
36 
 
 
41 
 
 
 
48 
 
54 
 
 
 
7.17 
 
4.2 
 
4 
 
3.7 
 
 
 
 
 
 
 
 
 
Fig.24 (I-V) characteristics of sample (A8)         Fig.(25) Relationship between (α)              Fig.(26) Relationship between (Vs) 
                                                                                    and La2O3 percentage rates                         and La2O3 percentage rates 
 
 
 
The I–V characteristics of the sample A8 with various La2O3 contents are shown on figure 24. It can be 
forecasted that at 0.6mol% La2O3, the varistors exhibit the best nonlinear coefficient (D = 32). For 
additives of La2O3 above 0.6mol% the nonlinearity coefficient is gradually become less pronounced and 
it will be reduced. The detailed I–V characteristic parameters are summarized in table 9. It is shown, the 
Vs is increased when the La2O3 content increased. 
The evaluation of (α) and Vs with La2O3 percentage rates for sample A8 are depicted on Figures 25 and 
26 respectively. 
From each lot, we choose then the percentage of impurities which give the largest value of (α), and we 
mixed them together to got a new sample consisting of the following Composition:  
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%)]%3.95()%4.0()%6.0()%5.(
)%1()5.0()%5.0()%2.0()%1[(
3232
433225232
molZnOOCeOLaNiOO
OCoOCrMnOONbOBi


 
 
 
 
 
Fig.27 (I-V) characteristics of the new sample 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The variation of the barrier height E (activation energy) with the electrical field is illustrated in figure 29 
and was deduced from the slopes of the curves Ln I versus 1/T, where T is the temperature in Kelvin. The 
activation energy (barrier height) is about  0.4±0.02 ev in the applied voltage between 1-140 V/mm. Above 
the threshold voltage, the barrier height sharply decreases. 
The measured current - voltage (I-V) characteristics of the new sample is illustrated in the figure 27 
Our results explore that, the value of, α, in the new sample is increased significantly to a value of (100 ± 
2) and the non-linear region of the I-V characteristic of the varistor was improved. The threshold voltage, 
Vs, was increased to the 140V/mm. This is attributed firstly to the increasing of the number of grain 
boundaries caused by the decreasing in the ZnO grain size, for constant thickness of the sample.  The 
bulk density of new sample equals to 5.65±0.05gr/cm3. We measured the I-V characteristics of new 
sample at various temperatures to explore the effect of varying temperature on electrical properties on 
ZnO varistors figure 28. 
It is clear from the figure, that the leakage current density, in the low field region (linear zone 
characterized by a high resistivity, ρ=1010Ω.cm) increases with temperature. It is also observable that the 
current density is strongly dependent on the electric field strength, in the nonlinear zone, above 140V/mm 
(threshold voltage). 
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  Fig.28 (I-V) Experimental plot of (I-V) characteristics                Fig.29]''Experimentally measured activation energy E                                     
of the new sample                                                                           (barrier height) with the electrical field of the new sample 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSION
We Can conclude that the non-linear coefficient, was optimized, then all the best values of percentage 
were mixed and added together to the ZnO-based, The value of D, is increased to  reach at  the value of 
(100 ± 2). The value of threshold voltage, Vs, varied according to the type and amount of oxide additive, 
such as Bi2O3, MnO2, CeO3, La2O3, NiO, Cr2O3 and Co2O3,.While These additives such as: Nb2O5, 
Co2O3, Cr2O3  contribute to the increasing of  the  Leakage current, If, .In other hand  the  oxides such as 
Bi2O3, MnO2, Ce2O3 and La2O3  contributed to reduce the value of leakage current, If. 
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